Abstract: The aim of the present study was to assess the levels of salivary cortisol, tumor necrosis factoralpha (TNF-α ) and nitric oxide (NO) before, during and after acute exercise. Acute exercise was induced using a standard treadmill test with Bruce protocol in ten physically active male participants. Unstimulated saliva was collected before, during and after exercise. The levels of salivary cortisol and TNF-α were assessed by enzyme immunoassays. Salivary NO was determined by the Griess reagent. The results showed that both salivary cortisol and TNF-α increased and peaked at 14 min during exercise and then decreased. The levels of NO were increased up to 1 h after exercise and subsequently lowered after 24 h. The results of the present study suggest that acute exercise may induce high levels of salivary cortisol, TNF-α and NO. (J Oral Sci 52, 133-136, 2010)
Introduction
Acute exercise leads to rapid adaptation of the cardiovascular, endocrine, musculoskeletal and central nervous systems and, therefore, to physiological disturbances. Whilst peripheral blood remains to be the most useful biological fluid to assess the pathophysiology of acute exercise in humans, saliva has been increasingly investigated as an easily accessible fluid that may indicate systemic alterations due to exercise (1) . Previous reports have indicated that acute exercise increases cortisol levels in saliva (2, 3) . Therefore, assessment of salivary cortisol levels is nowadays a common practice to detect the effect of exercise on human physiology.
Tumor necrosis factor-alpha (TNF-α ) is one of the pro-inflammatory cytokines that plays a crucial role in the host response to acute exercise. Previous studies demonstrated that the plasma levels of TNF-α are significantly increased after acute exercise in healthy humans (4, 5) , suggesting that acute exercise may augment the host susceptibility to developing an inflammatory reaction. However, reports showing the levels of this cytokine in saliva before, during and after acute exercise are lacking.
Nitric oxide (NO) is a gaseous molecule that regulates blood flow and both muscle contraction and metabolism during exercise (6) . The plasma levels of NO increase after acute exercise in humans (7, 8) . Unfortunately, studies that determined the alterations in levels of salivary NO due to acute exercise are also lacking. A study carried out in athletes by Panossian and colleagues (9) indicated that salivary NO is increased in early acute exercise. However, this finding remains to be confirmed.
Since acute exercise has been shown to alter the levels of plasma cortisol, TNF-α and NO, the aim of the present study was to test a hypothesis that the levels of these 
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parameters in saliva may also be affected by acute exercise in physically active subjects.
Materials and Methods
Ten physically active, non-smoking male subjects were enrolled in the present study after providing written informed consent. All subjects received professional tooth cleaning and instruction on proper oral hygiene to ensure good oral hygiene prior to the experiment. A standard treadmill test with Bruce protocol was performed as a method to induce acute exercise (10) . Heart rate and subjective evaluation of exercise intensity using Perceived Exertion (RPE) scale (11) were continuously monitored before and during exercise. Unstimulated whole saliva was collected by expectoration into a sterile tube and centrifuged at 1,000 rpm for 2 min. The supernatant was collected and stored at -4°C until use. The levels of cortisol (DSL, Webster, TX, USA) and TNF-α (Bender Medsystems, Vienna, Austria) in undiluted saliva were assessed by commercially available enzyme immunoassay kits, according to the manufacturers' instructions. The levels of nitrite, a byproduct of NO, were determined by the Griess reagent. Briefly, 100 µl of undiluted saliva was mixed with equal volume of the Griess reagent (1% sulfanilamide, 0.1% naphthlethylenediamine dihydrochloride in 2.5% phosphoric acid) and the color was read in an automated plate reader (BioTek Instruments Inc., Winooski, VT, USA) at 540 nm. Sodium nitrite was used to prepare a standard curve for nitrite levels. All reagents for NO assays were purchased from Sigma (St. Louis, MO, USA). The present study was approved by the Research and Ethics committee, School of Medical Science, University Sains Malaysia. Data were statistically analyzed by a repeat measurement test using a statistical analysis software package (SPSS, Chicago, IL, USA).
Results
Physical and physiological characteristics of the subjects are shown in Table 1 . Since none of the subjects could complete the treadmill test, exercise was terminated at 15 min. Heart rate and the RPE scale at 15 min of exercise were 185.9 ± 37.14 beats/min and 17.1 ± 1.51, respectively. The present study showed that salivary cortisol during acute exercise was significantly increased during exercise compared to that before exercise (P < 0.01) ( Table 2 ). The peak levels of salivary cortisol occurred at 14 min of exercise and showed decreased levels at 1 h post exercise (P < 0.01). The levels of salivary cortisol at 24 h after exercise were slightly higher than those measured during pre-exercise (P < 0.01). As can be seen from the data in Table 2 , the levels of salivary TNF-α increased steadily at 7 and 14 min of exercise compared to levels during preexercise (P < 0.01). However, the levels of TNF-α in saliva 1 h post exercise were decreased compared to levels at 14 min of exercise (P < 0.01). Furthermore, increased levels of nitrite in saliva could be detected at 14 min of exercise and remained the same until 24 h after exercise Table 1 Physical and physiological characteristics of the subjects Table 2 The levels of salivary cortisol, TNF-α and nitric oxide before, during and after acute exercise (P < 0.01) ( Table 2 ). Statistical analysis revealed that the levels of salivary NO at 24 h after exercise were not significant compared to those during pre-exercise (P > 0.05).
Discussion
The results of the present study demonstrate that acute exercise elevates the levels of salivary cortisol, supporting the previous observations that exercise alters the levels of salivary cortisol (2,3) . Interestingly, the peak salivary cortisol elevation was seen at 14 min of exercise, indicating that the peak levels of cortisol production may actually occur at the point when subjects reach exhaustion during acute exercise. Therefore, the present study suggests that in order to obtain the precise profile of the alterations in cortisol levels due to acute exercise, the hormone levels both during and after acute exercise must be assessed.
Results of the present study show that elevated levels of TNF-α can also be detected in saliva during and after acute exercise. These results are similar to the alterations in serum levels of TNF-α after acute exercise as previously reported (4, 5) . However, the precise mechanism by which the levels of salivary TNF-α were increased during acute exercise remains unclear. One of the possibilities is that elevated levels of other cytokines, such as M-CSF, during acute exercise may up-regulate the synthesis of TNF-α (12) . This notion needs to be further clarified, since the present study did not assess the levels of salivary M-CSF.
Previous studies showed that acute exercise increases the levels of serum NO in humans (7, 8) . The present study also found that salivary NO is augmented during acute exercise. Another study demonstrated, however, that salivary NO is increased by early exercise in athletes (9) . The exact reason for the discrepancy between the present and previous reports (9) is unclear. Differences in the types of subjects and acute exercise protocol between the present and previous studies may be the cause. The source of elevated levels of salivary NO during acute exercise is unknown. It is possible that salivary NO may be derived from both muscle and endothelial cells as well as salivary glands during exercise (6, 13) . If so, increased levels of salivary NO during exercise seen in the present study may also represent increased activities of NO synthase in both cell types and salivary glands. Furthermore, the exact mechanism by which acute exercise elevates levels of salivary NO, as seen in the present study, remains unclear. TNF-α is known to increase NO production by activating endothelial NO synthase (14) . Thus, a possibility that increased salivary NO seen in the present study might be due to elevated activities of salivary TNF-α can not be ruled out.
The extrapolation of the present study in the physiological alteration following acute exercise remains speculative. Increased levels of salivary cortisol, TNF-α and NO during and after acute exercise may be associated with increased susceptibility to develop cardiovascular diseases as previously described (4, 6) . Furthermore, since the altered profile of salivary composition due to exercise may represent that of systemic conditions (1), the results of the present study may support the view that altered host responses due to acute exercise may be observed from the saliva samples which are relatively easier and less stressful to obtain than serum samples.
In conclusion, the present study indicates that the levels of salivary cortisol, TNF-α and NO are increased during acute exercise in physically active males. Further studies, however, are needed to delineate whether or not salivary cytokines and NO may be used as biological markers to determine the host response to acute exercise.
